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ABSTRACT 

Net  counts  of  vehicles  were  used  to  estimate  visitor  use  at 
developed  recreation  sites.     These  counts  were  obtained  using  electric 
counters  that  printed  the  approximate  number  of  vehicles  present  each 
hour j  rather  than  the  total  flow  of  traffic  for  a  period  of  time.  In 
conjunction  with  sample  counts  of  visitors ,  net  counts  of  vehicles 
permitted  visitor-use  estimates  of  good  precision. 


The  estimation  of  visitor  use  at  developed  recreation  sites,  like  other  sampling  problems, 
often  involves  higher  costs  than  we  would  like  to  pay  for  a  desired  level  of  precision.2  However, 
if  sampling  efficiency  can  be  increased,  results  of  acceptable  precision  can  be  obtained  at  re- 
duced costs.    The  net  count  method  of  estimating  visitor  use  was  therefore  developed  and  tested 
as  one  effort  to  increase  the  efficiency  of  estimating  visitor  numbers  from  sample  counts.  How- 
ever, the  net  count  system  of  sampling  visitor  use  must  be  judged  as  unsuitable  for  administra- 
tive use  because  no  dependable  counter  has  been  designed  as  of  this  time  for  the  necessary  net 
counts  of  vehicle  axles.   This  report  is  intended  (1)  to  record  the  methodology,  so  it  need  not  be 
redeveloped  if  suitable  counters  become  available;  (2)  to  show  what  accuracy  of  results  can  be 
provided  by  net  count  procedures;  and  (3)  to  indicate  desirable  attributes  for  counting  equipment. 


"""Senior  author  formerly  was  stationed  in  Logan  as  leader  of  the  recreation  research  unit 
maintained  in  cooperation  with  Utah  State  University.    He  is  now  assigned  to  the  Pacific  North- 
west Forest  and  Range  Experiment  Station,  and  stationed  on  the  University  of  Washington  campus 
in  Seattle.    At  the  time  this  work  was  conducted,  the  junior  author  was  a  graduate  student  at 
Utah  State  University. 

As  us.ed  here,  the  term  "site"  refers  to  a  campground,  picnic  area,  or  other  complete 
recreation  facility.  The  facility  clusters  normally  used  by  a  family  or  other  small  group  are 
called  "units.  " 


STUDY  AREAS 


The  net  count  method  was  tested  for  three  seasons  at  the  27-unit  Sunrise  Campground  on 
the  Cache  National  Forest  in  Utah,  and  for  one  season  on  the  Mirror  Lake  Recreation  Complex 
on  the  Wasatch  National  Forest,  also  in  Utah.    The  Mirror  Lake  Complex  included  117  camping 
units,  plus  picnicking,  fishing,  boating,  a  lodge  and  cabins,  and  a  trail  head  to  the  adjacent 
High  Uintas  primitive  area.   Therefore,  it  provided  an  especially  rigorous  test  of  this  method. 

GENERAL  PRINCIPLES 

As  a  modification  of  the  widely  used  system  of  double  sampling  developed  by  James  and 
Ripley  (James  1966),  the  net  count  system  followed  the  same  basic  principles  of  (1)  relating 
randomly  scheduled  counts  of  visitor  use  to  mechanical  traffic  counts  for  the  same  times,  and 
(2)  applying  the  resulting  relationships  to  the  season-long  traffic  count  record  to  obtain  an 
estimate  of  season-long  visitor  use.    However,  the  net  count  system  differed  from  the  original 
double- sampling  system  in  that  20  on-the-hour  counts  were  taken  instead  of  12  day-long  se- 
quences of  counts.   Also,  a  traffic  counter  was  used  that  records  the  vehicles  actually  present 
at  specific  times  (i.e. ,  net  counts)  rather  than  one  that  records  the  total  flow  of  traffic  during 
a  period  of  time  (fig.  1). 

The  counter  was  wired  to  two  electric  switching  tapes — one  placed  across  the  incoming 
traffic  lane  and  the  second  placed  across  the  outgoing  traffic  lane.    Once  each  hour,  it  printed 
a  cumulative  total  for  "axles  in"  in  one  column  and  a  cumulative  total  for  "axles  out"  in 
another.   The  difference  between  the  "in"  and  "out"  totals  represented  the  "net  count"  of 
axles  actually  present  at  the  on-the-hour  moment  of  printing. 

Over  time,  an  error  developed  due  to  differences  in  the  sensitivities  of  the  tape  switches. 
However,  the  counter  was  calibrated  every  5  or  6  days  and  the  error  was  easily  prorated  dur- 
ing summarization  of  the  counter  tapes.   This  gave  corrected  "net  axle  counts.  " 

During  this  summarization,  the  net  axle  count  that  corresponded  with  each  on-the-hour 
visitor  count  was  identified.   All  data  were  then  punched  onto  cards,  and  a  computer  run  was 
made  to  determine  (1)  regression  relationships  between  visitor  use  and  net  counts;  (2)  season- 
long  regression  estimates  of  visitor  use  (total  and  for  selected  activities);  and  (3)  confidence 
limits  for  all  estimates. 

SAMPLING  SCHEME 

For  each  site  sampled,  20  dates  were  selected  at  random  from  the  summer  use  season. 
Weekdays  and  nonweekdays  (including  holidays)  were  selected  in  proportion  to  the  total  number 
of  weekdays  and  nonweekdays  in  the  season.   Then,  for  each  selected  day,  an  on-the-hour 
sampling  time  between  0800  and  2000  (inclusive)  was  selected,  using  random  procedures.3 

Sample  counts  of  visitors  were  made  to  bracket  the  randomly  selected  on-the-hour  times. 
For  example,  if  it  would  have  taken  approximately  20  minutes  to  count  the  people  present  at 
1300  on  August  3,  the  count  would  have  been  started  at  1250  and  continued  until  approximately 
1310.    Counts  could  extend  as  much  as  45  minutes  on  each  side  of  the  scheduled  hour,  allowing 
up  to  l|  hours  per  count. 

3A11  times  were  expressed  on  a  24-hour  basis.    Thus  11:00  a.m.  is  1100,  12:00  noon  is 
1200,  1:00  p.m.  is  1300.  .  .  and  12:00  midnight  is  2400. 
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'  Figure  1.—  Island  counter  installation 
used  to  obtain  "net  counts"  of 
vehicle  axles  present  within  a 
recreation  site  at  on-the-hour 
times.    At  left  is  the 
printing  counter. 
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During  each  sample  count,  the  number  of  visitors  present  was  recorded  on  a  tally  form. 
In  addition  to  a  total  season- long  use  estimate  and  estimates  by  activities,  an  estimate  of  total 
"visitors"  was  desired.  This  required  that  total  visitor-hours  be  divided  by  average  hours-per- 
visit.   Average  hours-per-visit  was  determined  by  asking  every  nth  visitor  for  his  length  of 
visit  and  then  computing  the  weighted  average  (Lucas  1963).    The  interval  n  was  preselected  as 
the  interval  needed  to  sample  approximately  60  visitors  per  site  for  their  lengths  of  stay. 
Based  on  previous  visitor-use  estimates,  the  value  10  was  selected  for  n  at  Sunrise  Campground 
and  the  value  35  at  Mirror  Lake. 


It  may  not  be  desirable  to  sample  for  length-of-stay  in  the  future  because  (1)  the 
visitor-day  is  now  standard  for  reporting  use  at  federal  recreation  areas,  and  (2)  computation 
of  visitors  greatly  complicates  both  data  collection  and  processing. 


SUMMARIZING  THE  COUNTER  TAPES 


The  printed  paper  tapes  from  the  counter  were  summarized  to  provide  (1)  net  axle 
counts  for  each  on-the-hour  time  and  (2)  season-long  totals  of  axle  counts  for  both  daytime  and 
nighttime  periods. 

As  mentioned  earlier,  an  error  developed  between  the  number  of  axles  present  and  tne 
number  shown  by  the  counter.  This  was  corrected  by  periodically  calibrating  the  counter  and 
then  prorating  the  error  during  summarization  of  the  tapes. 

Each  time  the  counter  was  calibrated  the  tapes  were  marked  to  aid  future  handling.  At 
the  time  of  each  calibration,  the  tape  used  up  to  that  moment  was  torn  off  and  marked  at  the 
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top  with  the  cumulative  total  for  axles  "out,  "  cumulative  total  for  axles  "in,  "  number  of  axles 
actually  counted  in  the  recreation  site,  and  the  date  and  time  of  calibration.    The  end  of  the 
tape  still  in  the  counter  was  then  marked  with  the  date  and  time  of  the  next  printout  (fig.  2). 

During  calibration,  the  "in"  and  "out"  counter  registers  were  both  reset  to  zero,  and 
the  number  of  axles  present  was  entered  in  the  "in"  counter  register,  using  an  electric  push- 
button provided  for  the  purpose. 

As  shown  in  figure  2,  dates  and  hours  were  marked  along  the  left  margin  of  each  tape  to 
identify  which  counts  occurred  at  which  times.    Then,  lines  were  drawn  across  the  tapes  to 
separate  daytime  counts  (0800  through  2000)  from  nighttime  counts  (2100  through  0700). 

If  net  counts  of  vehicle  axles  are  to  be  determined,  the  number  of  axles  "in"  minus  the 
number  "out"  should  equal  the  number  present.    So  this  would  be  true,  a  multiplier  was  com- 
puted for  adjusting  the  number  "out.  "  This  was  obtained  by  subtracting  the  number  of  axles 
present  from  the  number  of  axles  "in"  to  get  the  correct  "out"  figure  and  then  dividing  the  re- 
sults by  the  number  shown  as  "out.  "    For  example,  at  the  top  of  the  tape  in  figure  2, 

2>116  ~  81      =  0.7411. 

2,746 

This  is  the  multiplier  used  to  adjust  the  "out"  number  so  that  axles  "in"  minus  adjusted  axles 
"out"  equal  axles  present.   The  multiplier  is  just  the  ratio  of  the  correct  "out"  count  to  the 
actual  "out"  counter  reading,  which  was  too  large  because  of  the  inaccurate  readings  obtained 
from  the  counter.   In  figure  2, 

2,116  -  0.7411  (2,746)  =  2,116  -  2,035  =  81,  etc. 

Visitor  use  was  related  to  both  adjusted  net  axle  counts  (X()  and  the  squares  of  these  axle 
counts  (Xj2).   Therefore,  each  on-the-hour  net  count  had  to  be  computed  so  that  both  £XS  and 
EXj2  could  be  determined.   However,  the  advantages  of  including  the  Xj2  do  not  seem  worth 
the  complications  it  adds  to  computations.    Therefore,  in  the  future,  ZXj  should  be  computed 
by  using  the  multiplier  to  adjust  the  total  of  all  "out"  numbers  and  then  subtracting  this  adjusted 
total  from  the  total  of  all  "in"  numbers. 

SXj  =-  2  "in"  numbers  -  multiplier  (z  "out"  numbers). 

Note  that  separate  totals  for  "in"  and  "out"  numbers  must  be  determined  for  daytime  periods 
and  for  nighttime  periods. 

STATISTICAL  PROCEDURES 

Computations  for  the  net  count  method  provided  regression  equations  for  each  visitor 
activity,  site  occupancy,  equipment  usage,  total  daytime  use,  and  overnight  use.    Each  equation 
was  of  the  form 

Y  =  a  +  bX  +  cX2 

where 

Y  is  the  estimate  of  visitor-hours  for  an  on-the-hour  time 

X  is  the  number  of  axles  shown  at  a  site  for  an  on-the-hour  time 

a  is  a  constant  (the  "Y  intercept")  established  by  regression  from  sample  data 

b  and  c  are  coefficients  established  by  regression  from  the  sample  data. 

However,  to  provide  estimates  on  a  season-long  basis,  these  equations  were  used  in  the  form 


£Y  =  a(N)  +  b(SX)  +  c(£X2), 
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Figure  2. — 4  counter  tape  with  error 
prorated  to  give  corrected  "net  axle 
counts"  along  the  right-hand  margin. 
Dates  and  hours  are  written  along 
the  left-hand  margin. 


where 

N  is  the  season-long  number  of  hours  to 

which  the  estimate  applies 
2Y  is  the  estimate  of  visitor-hours  for 

the  N  hours 
SX  is  the  summation  of  "net  axle  counts" 

for  the  N  hours 
£Xa  is  the  summation  of  the  squares  of 

"net  axle  counts"  for  the  N  hours. 

The  final  term,  c(IX2)  added  little  accu- 
racy but  made  data  handling  procedures  more 
complex.    Therefore,  it  should  probably  be 
left  out  of  any  future  use  of  net  count  procedures 
for  visitor  sampling. 

With  the  equation  simplified  in  this  man- 
ner, the  variance  for  2Y  would  be  determined 
by  the  formula 


ZY 


N(N  -  n)  sJ 


(X 


N 


x  r 

n 


where 


Z  Y 


is  the  variance  of  ZY 


SX2 


N  is  the  number  of  hours  to  which  esti- 
mate applies 

n  is  the  number  of  hours  sampled 
(usually  20) 

2x2  is  the  sum  of  squared  deviations 
from  the  mean  for  the  set  of  X  values 
used  for  regression 

sy.x  is  the  mean  squared  deviation  from 
regression. 

Confidence  intervals  would  then  be  computed  as 
±t  -^variance 

at  n  —  2  degrees  of  freedom. 

If  an  estimate  of  "visitors"  is  desired,  in 
addition  to  an  estimate  of  "visitor-hours"  or 
"visitor-days, "  then  an  estimate  of  hours^per- 
visit  is  necessary.   This  complicates  both  data 
collection  and  handling. 
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The  average  length  of  visit  can  be  computed  without  bias  from  sample  data  if  a  simple 
weighting  procedure  is  used  (Lucas  1963).   Deming  (1944)  provided  procedures  not  only  for  de- 
termining an  unbiased  average  but  also  for  determining  the  variance  of  a  dividend  (such  as 
visitor-hours  divided  by  hours-per-visit)  where  there  is  correlation  between  the  values  that 
determine  the  numerator  and  denominator. 


From  Deming,    the  average  length  of  stay  is 

Z  = 


ZW: 


where 


Z  is  the  average  length  of  stay 

Z  j  are  the  sample  observations  of  hours-per-visit 

W;  are  the  weighting  factors  associated  with  respective  Zi . 

From  Lucas,  the  weighting  factors  are  the  reciprocals  of  the  length  of  time  each  visitor 
was  exposed  to  sampling.  For  example,  if  the  ith  visitor  was  present  for  27  hours  but  was  ex- 
posed to  sampling  during  only  18  of  those  hours,  the  term  W.  Z;  would  equal  1/18  times  27. 

Also  as  based  on  Deming: 

ZtWiZj2)    -  z2ZWj 


Z  (ZW,)    (n-  1) 

whore 

sf_    is  the  estimated  variance  of  Z 
Z 

n  is  the  number  of  Z; ,  and 

other  values  are  as  previously  defined. 

The  total  number  of  "visitors"  equals  the  total  number  of  visitor-hours  divided  by  the 
average  hours-per-visit: 

ZY 

■      '  *v=  -z- 

where 

ZV  is  the  season-long  estimate  of  "visitors"  and  other  values  are  as  previously  defined. 

Variance  for  the  number  of  "visitors"  can  be  computed  by  the  formula  (derived  from 
Deming,  p.  40): 

=   i   I  j.    +  Jill2 


bZv         2s   )     £Y  ZS  1  z 


where  ryz  is  the  correlation  coefficient  between  Y  and  Z,  and  the  other  symbols  are  as 
previously  defined. 

Confidence  intervals  could  include  t  values  with  two  difference  degrees  of  freedom 
because  this  variance  was  derived  from  two  different  samples  (one  for  ZY,  one  for  Z).  How- 
ever, the  t  value  used  was  the  one  applicable  to  the  sample  with  the  smaller  value  of  n  to  be 
conservative  and  to  simplify  computations.   Thus  degrees  of  freedom  would  normally  be 
20  -  2  =  18,  based  on  20  on-the-hour  sample  counts  of  visitor  use. 
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RESULTS  AND  DISCUSSION 


As  shown  in  the  tabulation  below,  the  precision  of  the  net  count  system  was  excellent  for 
total  visitor  use — giving  estimates  of  total  use  that  had  a  95-percent  probability  of  being  no  more 
than  11.6  percent  from  the  true  value  at  the  117-unit  Mirror  Lake  Complex  and  no  more  than 
21.4  percent  from  the  true  value  at  the  27-unit  Sunrise  Campground. 


Total  visitor-hours 

Total  visitors 

Average  number  of  units 

occupied,  daytime 
Average  number  of  units 

occupied,  nighttime 
Range  for  individual 

activities 


Mirror  Lake 
(Percent  error) 

±11.6 
±27.  8 


(not  sampled) 
(not  sampled) 
±22.9  to  ±178.8 


Sunrise  Campground 
(Percent  error) 

±21.4 
±29.4 

±21.  9 

±15.  8 

8±27.5  to  ±105.7 


1  Seven  out  of  14  sampled  activities  had  errors  of  less  than  50  percent. 
2 Two  out  of  7  sampled  activities  had  errors  of  less  than  50  percent. 

Good  estimates  were  also  provided  for  the  more  usual  activities.    However,  activities  that 
are  strongly  affected  by  time  of  day,  season,  weather,  or  other  factors  may  be  too  erratic  for 
accurate  estimates.    For  example,  at  Mirror  Lake,  the  confidence  intervals  ranged  from 
±22.  9  percent  for  the  rather  consistent  trailer  camping  to  ±178.  8  percent  for  swimming  or 
bathing.    The  fact  that  the  lake  is  located  10,000  feet  above  sea  level  makes  swimming  rarely 
possible  during  much  of  the  season  and  thus  too  variable  for  accurate  estimation. 

Estimates  were  also  provided  for  occupancy  of  camp  units  and  for  camping  equipment  by 
types.    All  estimates  of  daytime  activities  should  be  without  bias  because  relationships  between 
visitor  use  and  net  counts  of  axles  were  based  on  daytime  sampling.    However,  these  relation- 
ships were  also  applied  to  axle  counts  taken  during  nighttime  periods.    Estimates  for  nighttime 
periods  will  therefore  be  biased  if  the  number  of  visitors  per  axle  count  changes  from  day  to 
night. 

An  additional  source  of  bias  may  enter  into  estimates  of  total  camping  by  types  of  equip- 
ment used.    Such  an  estimate  determined  from  daytime  sampling  could  differ  considerably  from 
the  equipment  patterns  actually  present  at  night  because  people  using  different  types  of  equip- 
ment are  likely  to  arrive  and  depart  from  recreation  sites  at  different  times.    This  bias  could 
be  particularly  large  for  areas  used  primarily  by  one-night  visitors.    By  contrast,  the  bias 
should  be  very  small  for  campgrounds  used  by  vacationers  who  stay  a  week  or  more. 

Nearly  unbiased  estimates  of  nighttime  use  and  equipment  usage  could  be  made  from  counts 
scheduled  for  late  evening  on  a  random  selection  o"f  sampling  days.    Dates  for  evening  counts 
should  be  selected  independently  from  daytime  sampling  data. 


DESIRABLE  CHARACTERISTICS  FOR  COUNTING  EQUIPMENT 


The  future  usefulness  of  net  count  visitor  sampling  procedures  depends  greatly  on  the 
availability  of  suitable  counter  equipment.    This  must  be  dependable,  reasonably  inexpensive 
(perhaps  $200  -  $500),  and  operable  throughout  a  variety  of  weather  and  temperature  conditions 
and  at  remote  locations.    Counters  might  either  print  out  one  set  of  numbers  for  "in"  axle  counts 
and  a  second  set  for  "out"  axle  counts,  or  they  might  simply  record  net  numbers  of  axles.  In 
either  case,  the  information  should  be  recorded  for  each  on-the-hour  time.    Ideally,  this  infor- 
mation should  be  either  on  punched  paper  tape  or  magnetic  tape  so  it  could  be  summarized  by 
computer  rather  than  by  clerical  personnel.    The  counter  should  also  mark  daytime  numbers 
with  a  unique  character  so  they  can  be  separated  from  nighttime  values.    Regardless  of  the  type 
of  output  used,  the  counter  should  have  dials  that  permit  the  "in"  and  "out"  axle  numbers,  or 
else  a  net  axle  number,  to  be  read  directly.    Provisions  should  be  made  for  periodic  calibration 
of  the  counter,  either  by  entering  calibration  information  directly  onto  the  tape  or  by  keeping 
records  that  could  be  used  at  the  time  of  summarization  of  the  tapes.    The  counter  must  also 
have  a  button  for  entering  "axles  present"  in  the  "in"  or  "net"  counter  register  during  each 
calibration. 

It  would  be  desirable  to  have  cars  actuate  the  counters  by  crossing  magnetic  loops  buried 
in  the  road  rather  than  by  crossing  exposed  electric  switching  tapes.    The  latter  have  some 
problems  involving  damage  by  traffic,  vandalism,  and  malfunction.    Also,  if  strategically 
located,  magnetic  loops  could  record  incoming  and  outgoing  vehicles  without  requiring  any 
divider  to  separate  traffic  lanes. 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  net  count  visitor  sampling  method  could  be  highly  effective  for  selected  situations  if 
suitable  counting  equipment  were  available.    A  single  counter  would  permit  accurate  statistics 
for  large  recreation  complexes,  such  as  those  surrounding  one  or  more  lakes  in  a  valley  served 
by  a  single  dead-end  road. 

At  the  moment,  it  seems  desirable  to  postpone  further  consideration  of  net  count  sampling 
until  such  time  as  visitor  sampling  seems  to  require  automation.  By  that  time  it  may  be  easier 
to  assemble  effective  counter  equipment  from  off-the-shelf  items. 

Before  net  count  sampling  procedures  are  applied  on  an  administrative  basis,  they  should 
be  refined  in  accordance  with  what  has  been  learned  from  this  study.    To  simplify  the  summari- 
zation of  counter  tapes,  the  net  axle  counts  should  be  used  only  in  their  prime  and  not  in  their 
squared  form.    Also,  if  possible,  such  summarization  should  be  done  by  computer.    It  would 
also  simplify  data  collection  and  processing  if  all  estimates  are  made  in  terms  of  visitov-days 
and  not  in  terms  of  visitors.    As  a  final  refinement,  independent  sample  counts  should  be  taken 
and  independent  estimates  made  for  daytime  and  nighttime  use. 
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